Metallothionein-I/II double knockout mice are hypersensitive to lead-induced kidney carcinogenesis: role of inclusion body formation.
Lead is an environmental nephrotoxicant and probable human carcinogen. Elucidating factors predisposing populations to lead toxicity is an important public health issue. Recently, we found that metallothionein-I/-II double knockout (metallothionein-null) mice that are unable to produce the major forms of metallothionein do not produce lead inclusion bodies, which are thought to mitigate lead toxicity, and were sensitive to the subchronic toxic effects of lead exposure (10 weeks), showing modestly diminished renal function and nephromegaly compared with wild-type (WT) mice. It is unclear how this knockout might impact lead carcinogenesis. Thus, the effects of lead(II) acetate were tested in groups (n = 25) of male metallothionein-null and WT mice receiving drinking water with 0, 1,000, 2,000, or 4,000 parts per million lead for up to 104 weeks. Renal proliferative lesions (adenoma and cystic tubular atypical hyperplasia) were much more common and more severe in lead-exposed metallothionein-null mice than in WT mice. A metastatic renal cell carcinoma also occurred in a lead-treated metallothionein-null mouse, whereas none occurred in WT mice. Lead-induced renal proliferative lesions showed marked overexpression of cyclin D1, a common feature of human renal tumors. Renal lead-containing nuclear inclusion bodies were frequently observed in WT mice but did not form in metallothionein-null mice. Metallothionein was often found associated with the outer portion of these inclusion bodies. Thus, the metallothionein-null mice cannot form renal inclusion bodies, even after protracted lead exposure, and this increases the carcinogenic potential of lead. Poor production of metallothionein may predispose human populations to lead carcinogenicity.